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Objective: Changing gait speed is a common strategy to manipulate exercise intensity during
physical exercise, but may elicit higher impact forces and consequent joint loading. Here we
analyzed the effects of increasing walking velocity on plantar pressure and asymmetries in
elderly with knee osteoarthritis (OA). Our hypothesis was that the contralateral limb could
receive higher loading compared to the OA limb in the different walking speeds tested.
Methods: Twelve elderly with unilateral knee OA walked at different self-selected speeds
along  a 10 m pass way stepping on an instrumented mat for measurement of plantar pres-
sure at preferred, slow and fast gait speeds. Five steps were recorded for each speed. Plantar
pressure data were compared between the speeds and legs.
Results: speeds were signiﬁcantly different between them (p < 0.05). Mean and peak plantar
pressure increased when speed changed from slow to fast (p < 0.05). Velocity of the center
of  pressure increased and the single stance time decreased when walk speed was increased
(p  < 0.05). Any asymmetries were observed.
Conclusion: Increasing gait speed from slow to fast in subjects with unilateral knee OA sig-
niﬁcantly affected variables of plantar pressure, but asymmetries between committed and
contralateral leg were not detected.
© 2014 Elsevier Editora Ltda. All rights reserved.
Inﬂuência  da  velocidade  da  marcha  sobre  a  pressão  plantar  em  sujeitos
com  osteoartrite  unilateral  de  joelho
alavras-chave:
r  e  s  u  m  o
Objetivos: Alterar a velocidade da marcha é uma estratégia comum para manipular a inten-
entro de pressão
aminhada
ssimetrias
dosos
inética
sidade de exercício de caminhada, mas pode repercutir em maiores forc¸as de impacto e
consequente sobrecarga articular. Neste estudo analisamos os efeitos do aumento da veloci-
dade  da marcha sobre a pressão plantar e assimetrias na marcha em idosos com osteoartrite
(OA) unilateral de joelho. A hipótese do estudo era de que o membro acometido receberia
maior  sobrecarga que o acometido durante o andar nas diferentes velocidades.
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Métodos: Doze idosos com OA unilateral de joelho caminharam por um corredor de 10 m
onde pisavam em um tapete instrumentado para medidas de pressão plantar. Cada partic-
ipante caminhou cinco vezes em três diferentes velocidades autosselecionadas (preferida,
lenta e rápida). Os resultados foram comparados entre as velocidades e entre os membros
inferiores.
Resultados: As velocidades avaliadas diferiram entre si (p < 0,05). A pressão média e o pico
de  pressão aumentaram com as mudanc¸as entre as velocidades lenta e rápida (p < 0,05);
a  velocidade do centro de pressão aumentou e o tempo de apoio simples diminuiu com
o  aumento da velocidade (p < 0,05). Assimetrias não foram observadas entre o membro
acometido e o contralateral.
Conclusões: O aumento na velocidade da marcha lenta para rápida em sujeitos com OA
unilateral afeta a pressão plantar tanto no membro acometido quanto no contralateral,
sem  a observac¸ão de assimetrias.
© 2014 Elsevier Editora Ltda. Todos os direitos reservados.Introduction
Chronic degenerative joint diseases such as osteoarthri-
tis (OA) negatively affect mobility, with a negative impact
on quality of life, especially in the elderly.1,2 Radiographic
studies suggest the existence of some joint abnormality
in at least 30% of men  and women over 65 years, and
only one third of these are symptomatic.3 OA leads to a
decrease in the number of chondrocytes and in the abil-
ity to retain water, leading to cracks in the matrix and
causing pain.4,5 In addition, it can cause cartilaginous defor-
mation and changes in the periarticular region, leading to an
abnormal remodeling of cartilage and promoting subchondral
bone attrition and the formation of osteophytes.4,6 Together,
these changes lead to signiﬁcant changes in joint mechan-
ics.
In the gait of subjects with knee OA, varus misalignment
of the knee joint may decrease the capacity of impact absorp-
tion and the response to loads during the gait.7 As with healthy
individuals,1 the increase of walking speed can mean an addi-
tional joint overload in elderly patients with OA, which was
also shown for elderly persons without OA.8,9 In comparison
with studies that assessed pre-deﬁned or ﬁxed speeds,10,11 a
self-selected speed can allow more  realistic results, because
the subjects are not inﬂuenced to change their gait mechan-
ics in order to ﬁt into the parameters established by the
researcher.11
Considering walking as an exercise modality often prac-
ticed among the elderly in order to improve their physical
ﬁtness, the manipulation of gait speed is a strategy widely
used to control the intensity of the exercise.12,13
In the case of unilateral OA, it is possible that the contralat-
eral limb receives a higher overload due to compensations
during the gait, and this could contribute to an accelera-
tion of the onset of bilateral OA. Faced with an increasing
number of elderly people engaged in walking and running
programs, the aim of this study was to analyze the effects
of a change in gait speed on plantar pressure parameters
and asymmetries in elderly patients with unilateral knee
OA, comparing the responses of affected and unaffected
limbs.Methods
Participants
Twelve elderly patients with unilateral knee OA diagnosed
by a physician (one male, 11 female) with a mean age of
71.58 ± 8.93 years, body mass 72.58 ± 11.11 kg, height 161 ± 8,
57 cm,  body mass index 28 ± 3.86 kg/m2 and WOMAC index
11.9 ± 4.92 were enrolled in the study. All participants were vol-
unteers who contacted the researchers after advertise of the
research project in the community, and signed an informed
consent form. All procedures were approved by the ethics
committee on human research of the local institution (proto-
col No. 0062011). The inclusion criteria for this study were: age
of 65 years or older, diagnosis of unilateral OA established by a
qualiﬁed physician, with imaging studies (radiography) of the
knee joint, and ability to walk independently. The researchers
did not perform diagnostic or clinical evaluations, the diagno-
sis was made by the patient’s physician.
Experimental  design
Subjects with unilateral OA diagnosed by a physician were
evaluated for plantar pressure during gait in slow, preferred
and fast speeds. Measures of average plantar pressure, peak
pressure, center of pressure (COP) progression and single-leg
stance time during walking were collected for the affected and
contralateral limbs. The results were compared between the
involved and contralateral limbs and among the three walking
speeds.
Experimental  procedures
All participants had their health assessed by the Westerm
Ontario and McMaster Universities (WOMAC) questionnaire14
and then underwent an evaluation of plantar pressure dur-
ing the gait, using a computerized baropodometry system
(Matscan Versatek, Tekscan Inc., Boston, USA) with 5 mm
of thickness and measuring 432 × 368 mm,  with a sampling
rate of 400 Hz. Walking was assessed in a self-selected
speed, and the participant was asked to walk at his/her
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Figure 2 – Peak plantar pressure expressed as mean (bars)
and standard deviation (vertical lines) in N/cm2.
*Indicates signiﬁcant differences of the results of peakr e v b r a s r e u m a t o l
ormal walking speed, at a slower speed and at a faster
peed.
The protocol for collecting the plantar pressure was to walk
arefoot along a 10-meter long straight corridor. Measure-
ents were made every time the subject stepped on the mat,
onsidering the averages of ﬁve footsteps for each of the lower
imbs, at each selected speed. The data of mean and peak
ressures during single-limb-support phase, average veloc-
ty of the COP and single-limb-support time were calculated
or each footstep, and then grouped into mean and standard
eviation for each subject, at each speed and for each leg.
tatistical  analysis
esults were subjected to descriptive statistics and to Shapiro-
ilk normality test, besides the Mauchly sphericity test and
he test of Levene for homogeneity of variances, where rele-
ant. The plantar pressure variables, velocity of the center of
ressure and single-limb-support time were compared among
ait speeds and between legs by means of an analysis of vari-
nce (ANOVA), considering the three gait speeds and measures
f both legs in a mixed model 3 × 2 with Bonferroni correc-
ions for multiple comparisons. The effects were analyzed
y a paired t test (as for the legs) or one-way ANOVA (as for
he speeds) with post hoc Bonferroni analysis. The signiﬁcance
evel for all statistical procedures was 0.05, and we used a
ommercial statistical package.
esults
he walking speeds in the different conditions tested differed
P < 0.05). The mean speed for slow gait was 0.66 ± 0.06 m/s; for
referred gait, 0.82 ± 0.12 m/s; and for fast gait, 1.07 ± 0.14 m/s.
e noted a speed effect for mean pressure (F = 4.087, P < 0.05);
he mean pressure at low speed differed from that at fast speed
P = 0.020). The mean pressure (Fig. 1) at slow speed did not
iffer from that at preferred speed (P = 0.796), and the mean
ressure at preferred speed did not differ from that at fast
peed (P = 0.292). No effect of the leg was observed for mean
ressure (F = 0.26, P = 0.875).
The plantar pressure peak (Fig. 2) showed a speed effect
F = 7.919, P < 0.05). The post hoc analysis indicated that the peak
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igure 1 – Mean plantar pressure expressed as mean (bars)
nd standard deviation (vertical lines) in N/cm2.
Indicates statistically signiﬁcant differences from the
esults of pressure between each gait speed (P < 0.05).pressure between gait speed (P < 0.01).
pressure at slow speed was lower versus fast speed (P = 0.001)
and the pressure peak at preferred speed was similar to that at
slow speed (P = 0.189). Likewise, the peak pressure at preferred
speed was similar to that at fast speed (P = 0.144). No leg effect
was observed for peak pressure (F = 0.778, P = 0.397).
The COP velocity (Fig. 3) showed a gait speed effect
(F = 21.321, P < 0.05). The post hoc analysis indicated that COP
velocity in slow gait speed was lower versus fast (P = 0.000)
and preferred (P = 0.007) gait speeds. The measurement in
preferred speed mode was lower versus fast speed mode
(P = 0.009). No leg effect was observed for COP speed (F = 4.655,
P = 0.054).
The single-limb-support time (Fig. 4) exhibited a speed
effect (F = 28.396, P < 0.05). The post hoc analysis indicated that
the single-limb-support time was greater at slow versus fast
speed (P = 0.000) and also greater in low versus preferred speed
(P = 0.002). The single-limb-support time was greater in pre-
ferred versus fast speed (P = 0.002). No leg effect was observed
for single-limb-support time (F = 0.461, P = 0.511).
DiscussionThe aim of this study was to analyze the effects of change in
gait speed on plantar pressure in elderly subjects with uni-
lateral knee OA, considering measures of the affected and
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Figure 3 – COP speed expressed as mean (bars) and
standard deviation (vertical lines) in N/cm2.
*Indicates statistically signiﬁcant differences of COP
velocity among walking speeds (P < 0.05).
444  r e v b r a s r e u m a t o l . 2
Slow
0.5
0.0
Preferred
Gait speed
Fast
*
*
*
Affected leg
Healthy leg
s
1.0
1.5
Figure 4 – Single-limb-support time expressed as mean
(bars) and standard deviation (vertical lines) for the group,
in seconds.
*Indicates statistically signiﬁcant differences of
r
3. Jordan KM, Arden NK, Doherty M, Bannwarth B, Bijlsma JW,
Dieppe P, et al. EULAR Recommendations 2003: an evidencesingle-limb-support time among gait speeds (P < 0.05).
contralateral limb. A change in gait speed has been demon-
strated as determinant of changes in ground reaction forces,15
and this could be reﬂected on plantar pressure parameters
in subjects with OA.7 Our results, considering self-selected
speeds during the gait, demonstrate signiﬁcant differences in
the parameters analyzed among three walking speeds. How-
ever, they do not indicate asymmetries between OA affected
limb and contralateral limb, regardless of the gait speed. Thus,
the presence of unilateral knee OA did not cause changes
in plantar pressure that were speciﬁc for the leg affected by
the disease. Likewise, our results do not indicate that the
contralateral leg may present some compensation in plantar
pressure.
The increase in mean pressure observed from the increased
speed may be associated with the increased ground reaction
force.8.13 The greater mean pressure suggests an overload
on lower limbs. Although the affected limb has difﬁculty in
absorbing the impact, or may have a different pattern response
to the load,16 we  found no differences between the leg with
OA and the contralateral leg. In our study, patients with uni-
lateral OA maintained a similar pattern of plantar pressure for
both legs during the gait. This result contradicts our hypothe-
sis, that gait compensation could cause differences in the load
experienced by the affected and the unaffected limbs.14,16
The peak plantar pressure behaved similarly to mean pres-
sure. We  observed an increase in the peak pressure with a
change of speed – from slow to fast. The increase in peak
pressure may be associated with a combination of reduced
area of contact due to increased walking speed, and greater
contact force on the ground-foot interface during gait.8 With
these results, we  suggest that patients with unilateral knee
OA adopt a gait pattern that assimilates the ground reaction
force in the same way for the affected and the contralateral
legs.17,18 The changes in the velocity of the center of pressure
(COP) are associated with the changes of gait speed,19 and sug-
gest that changes occurring in subjects with knee OA do not
seem to reﬂect in changes in foot roll-over excursion speed
during gait.20The single-limb-support time decreased with the increase
in gait speed in patients with OA. This response to the
increased gait speed is expected,20 and no asymmetries were 0 1 4;5 4(6):441–445
found in this temporal gait parameter. The presence of OA did
not inﬂuence the time of ground contact to the point of dif-
fering from the contralateral leg. However, it may be that the
increased time of support result from the fact that individuals
with OA are unable to compensate for the limitation of knee
excursion because of the pain, which can happen by intrinsic
factors such as joint stability and changes in frictional values
of the diseased joint.8
In our study, no asymmetries were found in plantar pres-
sure variables in any of those speeds considered, although
patients with unilateral OA have joint momentum asym-
metries reported in the literature.4 This divergence can be
explained by the hypothesis that patients with unilateral knee
OA use a larger contact area to improve plantar pressure dis-
tribution, when considering a single gait speed. Another study
also found signiﬁcant associations among speed and gait vari-
ables in asymptomatic individuals.16
Among the limitations of our study, it is worth mentioning
the small number of patients included and the predominance
of female subjects, which limits the generalization of our
results. Additionally, we did not consider different degrees of
deformity, limitation or pain, that may have speciﬁc effects on
gait. Finally, we can suggest that, for the patients evaluated,
the change in walking speed inﬂuenced plantar pressure vari-
ables, but did not cause any asymmetries between the affected
and contralateral limbs. Thus, these patients did not exhibited
speciﬁc adaptations to the impaired limb in response to the
increased gait speed.
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